The ratios of reduced and oxidized nicotinamide nucleotides (NADH/NAD* and NADPH/ NADP + ) were indirectly determined at various stages of cataractogenesis by estimating the concentrations of metabolites (lactate, pyruvate and malate) of the lens. The ratios of NADH/NAD 4 and NADPH/NADP + decreased significantly from immature to mature (P<.001, P<.05). to hypermature (P<.001, P<.05), to Morgagnian (Pc.001. Pc.001) and diabetic types (Pc.001, P< .001) of cataractous lenses respectively. Ratios of nicotinamide nucleotides in diabetic lenses were lower in comparison to those of other types studied. As the opacity progressed, the ratios decreased with increase in blood glucose levels.
Introduction
Nicotinamide nucleotides have a central role in a variety of metabolic reactions and their redox ratios are a function of kinetics of both oxidizing and reducing chemical reactions. The substances which participate in oxidation reduction system in the lens, like glutathione and ascorbic acid, are present in the lens in higher concentrations. Reduced glutathione is diminished in all forms of human cataractous lenses. This is presumably due in part to its binding in protein-glutathione mixed disulfides [1] . There is a progressive loss of protein sulfhydryl groups during development of senile nuclear cataract due to the formation of protein-protein disulfides and mixed disulfides of protein and glutathione [2] . Kinoshita [3] suggested that glutathione maintains protein sulfhydryl groups in reduced form. This is consistent with the observed loss of glutathione during cataract formation and reduced glutathione seems to protect the lens protein against oxidative damage causing opacification. The changes in ascorbic acid content were attributed to disturbance of oxidation reduction processes.
Giblin et al. [4] reported that oxidized glutathione also elevates hexose monophosphate pathway in the lens and NADPH produced in this pathway is required for the reduction of oxidized glutathione. NADPH also participates in sorbitol pathway. In the present study the ratios of reduced and oxidized nu-* Reprint requests to Professor M. Ataur Rahman.
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Material and Methods
Human lenses were collected from the patients of the Ophthalmology Department of Jinnah Postgraduate Medical Centre, Karachi. The cataractous lenses were classified on the basis of physical examination, partially opacified as immature, totally opacified as mature, lenses showing degenerative changes in fibres with complete opacification as hypermature and those in which the nucleus floated in the pulpy cortex as Morgagnian.
The cataractous lenses from diabetic patients were classified as diabetic cataract. Out of the eleven diabetic patients, two patients had immature type, five mature type and four hypermature type of cataracts. One patient was taking oral hypoglycemic drug (metformin), two were on combined therapy with metformin and sulphonylurea and eight were insulin dependent. The duration of diabetes varied from two years to six years, among diabetic patients studied. Two of the patients were suffering from diabetes for the past two years, three for five years and one for six years.
Cases with histories of trauma, uveities or glaucoma were not included in the study. After lentectomy, the surface of the lenses were gently wiped with filter paper and immediately frozen in preweighed containers filled with 50% buffered glycerol [5] . The lenses were then transferred to the laboratory and stored at -28 °C. Blood glucose was determined by Nelson-Somogyi method.
The ratios of reduced and oxidized nucleotides (NADH/NAD+ and NADPH/NADP+) were determined by estimating the concentrations of metabolites i.e. pyruvate, lactate and malate in 10% homogenate of lens prepared in cold tris buffer (20 mM, pH 7.8) by the method of Bucher et al. [6] and Hohorst [7, 8] respectively. The ratios of NADH/ NAD + and NADPH/NADP+ were calculated by the method of Gumaa et al. [9] . The values of K LDH and H + were 10" 114 and 10~7 respectively. K ME was 0.051 mole/1.
Results and Discussion
The patients with mature type of cataract were older in age than those of immature type. The diabetic patients with cataracts were younger than those with mature, hypermature and Morgagnian types of cataracts (Table I) . Age of patients with immature cataracts was similar to that of diabetic patients with cataracts. The latter showed a significant increase in blood glucose levels and significant decrease in nicotinamide nucleotide ratios. In the present study a correlation between the nucleotide redox ratios and degree of opacification was evident. As the opacity progressed the ratios decreased. Very low ratios were found in cataractous lenses of diabetic patients.
Diminition in the nicotinamide nucleotide ratios were noted with increase in blood glucose levels. The correlation coefficient was -0.2 (Pc.05) with NADH/NAD + and -0.33 (P < . 
The values are statistically significant as compared to immature group. * Pc.05; ** Pc.001. involvement of aldose reductase. The reducing equivalents (NADH) in cataractogenesis are found in decreased levels because of decreased glycolysis. Stewart and Augusteyn [11] also reported that cataractous lenses had lower levels of all nucleotides (NAD + , NADH. NADP + and NADPH) than the normal lenses. Another important oxidative pathway in the lens is the hexose monophosphate shunt which converts glucose to pentose and produces NADPH which links the shunt pathway to glutathione coupled redox reactions. This acts as a protective mechanism against oxidative damage [12] . Shunt activity may be increased in order to maintain the level of reduced glutathione. NADPH thus formed in high concentration may go to sorbitol pathway for aldose reductase activity instead of maintaining glutathione in reduced form.
In cataractogenesis the depression in the activity of hexose monophosphate shunt enzymes occurs [13, 14] , This may be an adaptive phenomenon, by which the supply of necessary coenzyme (NADPH) is cut down. In this way reducing equivalents generating system is slowed down leading to the decreased ratio of NADPH/NADP + .
